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A research project involving 16 experiments, 
ed the nature of the encoding process for verbal materials f 
ly differences-^arising from mode of presentation. The 
owed that at change in mode of presentation of items 
^recovery from interference in short term retiention. .Since 
terf erence was lower than intramodal interference it 



appeared tha^auditory and visual items were represented by different 
memory cbdes in the short-term store. However, since recovery ^from 
interference depended on the nature of the intearvening information 
received by the subject, it seemed to follow that the memory code was 
subject to task demands and under the subject's control. Other diata 
-showed that proactive interference depended partly on long-term 
processes and was due to retrieval difficulties. Some of the 
experiments were preliminary attempts to develop techniques for 
studying the attributes of memory, such as by testing ^he subject for 
his memory of particular properties of the stimulus, for example, the 
modality in which it was presented* .(Author/PB) 
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The experimorits of this project iiave shov/n that a chemge in inodG of 
PXG§,entafiou of i tci-^s* produces, ci recovery froi\^ interference in .sKoTt-teW 
retention. The fact tiuit intennodal interference is lov/pr than intramoclal 
Interference provides strong support .for the hypothesis that auditory a!)d 
.visual items are often represented by different- memory, codes in the short- 
term store, llov/ever, the' recovery from interference depends in a critical 
way on the nature of the intervening information received by the subject. 
Consequently, the memory code is subject tb task demands and probably 
under tiie subject's control, isolated experiments inve^tipated the nature 
of proactive interference, shovfing it to depend in part on long-term 
processes and to be largely due to retrieval difficulties. Several experi 
ments v/ere preliminary attempts to develop other techniques for studying 
the attributes of memory. One particularly promising procedure is to 
simply test the subject for his memory of very particular properties of a 
stimulus, such as the modality in which it v/as presented.. 
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Chapter 1: INTRODUCTION 



' Mfl^Ji^r^ii!]^ niuVt1-r>tor3 conception of ir nory dates at least to 

James {18001 and/ was given its most familiar conto* norary description by 
Atkinson and Sliiffrin (1958). While there is soirr.' disagreement on details, 

.the model proposed by Atkinson and Shiffrin is generally representative 
of the approaci) of Waugh and Honnan (1965) , Broc-dbent (1958, 1970), and 
Neisser (1967) among others'. :According to this view, the ifjemory system ' 
consists of three basic components: (a) a sensory register which holds a 
veridical copy of the .stimulus for a few hundred msec;, (b) a short-term 
store wirich can hold information for a few sec and serves as a v/orking memory 
and input-output system for the long-term storer and (c) a long-term. store 
which is a relatively permanent repository for an individual's experiences. 
There, is a good deal of evidence for tin's conceptualization-* much of it 
recently reviev^ed by Kintsch (1970). Although some writers have also argued 
against^this characterization of memory (e,g.,,Craik ft Lockhart, 1972; 

"Helton, 19G3), it lias,' nevertheless, proved to be an extremely useful 
heuristic device for the behavioral study of memory ^ and will be adopted 
here as a working-assumption.. 

It is apparent that, regardless of one's conceptualization of the 
memory system, an organism does not store a'^perfect representation of the 
stimulus. This fact has been emphasized by 'a number of theorists, perhaps ■ - 
none more clearly than Underwood (1963) in his distinction*bctween the 

:nominal-^3..t1mulus (as presented by the experimenter) and the functional 
anal 0£ of this stimulus (perceived and stored by the subjett). The encoding 
of a 'stimulus is the perceptual process by v/hich the sense receptors and 
central nervous system translate the stimulus into the internal representa- 
tion which is stored in the .memory system. The form 1n which 1t is thus 
recorded is the memory code. At the behavioral level, a common assumption 

■is that a memory code functions as though it were a list of features or 
attrj butes of .the to-be-remembered .event .(r3ov/er, 1967; Underwood, 1959; 
Wickens, 1970), andthis is the view adopted here. It follows that one of 
the fundamental problems for students of memory is to identify the basic 
attributes of memory » and to determine how these attributes are encoded or 
selected, and what role they play in the functions of memory. This problem 
has received a great deal of recent attention (Melton & Martin, 1972), 
though it is obvious that much remains to be done. - 

Underwood (1969) has suggested that one of the fundamental attributes 
of memory is the modality, auditory (A) or visual (V),.of stimulus presenta- 
ti-on. The primary function of this attribute is probably to discriminate 
among memories (Underwood, 1969, 1972); it is one of the attributes useful 
as a discriminative cue but not necessarily as a re trieva l cue in the usual - 
sense of that word. In laboratory situations, presentation modality may 
be an extremely useful discriminative cue for long-term memories. However, 
our long-term memories are so crowded by "real -Tife'^ information received 
in either the A or V mode, this attribute may. h&ve much less utility for 
discriminating among non-laboratory long-term memories. The situation 
would seem to be quite different in the short-term store. ' The rapid turn- 
over of limited amounts of stimulus information may make. memory for stimulus 
modality -an extremely useful discriminative cue in the latter store. Thus, 
it seems important to know if, and under v;hat conditions, information 



concerning stimulus inodality is coded in the short-torm store. That 
prol)lem vas* primary focus of tliis research pfojoct, , 

One view is that the short-term memory code is primarily acdustic 
or articulatory, .regardless of the modality of stimulus presentation. There 
are a variety of reasons for this assumption, both empirical and theoretical/ 
First, reiiearsal is an important function of the- sliort-term store (Atkinson 
& Shiffrin, 1968). It has been proposed by a number of theorists (e.g.,. 
Adams, 1967; Sperlino, 1967) that rehearsal translates V material into an 
acou5;Lic or articulatory mode, resulting in a short-term code that is the 
same as for A. materials , Strong support for this assumption is provided by 
studies i3lioviinq a striking similarity betv/een confusion errors in identifi- 
cation of letters presented in the A mode and coufus'ion errors in memory 
for letters presented in the V mode (Conrad, 1964; Uickelgreh, 1965), A 
second type of ovidonce is provided by a large number of studies of inter- 
ference effects among semantically and acoustically . similar materials. - 
For example, Kintsch and Buschke (1969) reported that short-term retention 
was unaffected by semantic similarity but v/as reduced by acoustic similarity, 
whereas the converse was true for long-term retention. Finally, the^.liQ.nt^^ 
term store seems to be mucli more efficient in handling A materials llhan V' 
materials (Grant h HcCormack, 1969; Murdoch, 1967, 1968; Hurdock It Walker, 
1969). ' ' • . 

TMrc Ts--4i^ti^e-^doubt that „tJie. short-term memory code is^ often acoustic/ 
articulatory in nature, and that there is an emphasis on semantic features 
in the loiig-term store., Hov/ever,- tliere is accumulating evidence that modality 
information, per se, is represented in the memory code. Concerning the short- 
term store in. parti cular, the evidence presented above for acoustic/ 
articulatory coding can be countered by four specific arguments. 

The first counter argument is the empirical contradiction to the 
assumption that rehearsal translates V items into an A type of mem.ory code. 
There is accumulating evidence that subjects can rehearse in a V or imaginal 
mode (Atvvood, 1971 ; den Heyer & Barrett, 1971). The mechanism for rehearsal 
is not clear, but the assertion that rehearsal is equivalent to covert 
verbalization seems to iiave been an oversimplification. Tfie second argument 
concerns the evidence from experimental manipulatio-ns pf s.imilarity. Schulman 
(1971 ) recently reviev/ed the effects of similarity on short-term retention, 
and concluded that the short-tem memory code is not alv^ays acoustic/ 
articulatory in nature* Instead, task demands can result in semantic codes. 
The same is probably true for V codes. Relatexl to the evidence from manipula- 
tions of similarity is the often-overlooked logical inconsistency: the short- 
term store is pr'esumed.to serve as an input-output syslBin for the long-term 
store, but it is hypothesized that the mem.ory code is entirely different 
*n the two cases-. Logically, it v^ould seem that any code differences must 
be a matter of emphasis. Finally > as suggested by Murdock and Walker (1969), 
the fact that the short-term store processes A information more efficiently 
than V information may, itself, be taken as a clear indication- for distinct 
memory codes in the two cases, ^ 

On the basis of the confl icting evidence reviev>'ed above, and because 
of the potential 'significance of modality-specific encoding, the problem 



seemed to renuiro further investiqa'tion. The technique. used in iriany of 
the experini/nits of this project t/as that developed by.Wickens and his 
associate:; (Uickens, 1970; Wickens, Born, & Allen, 19G3) for the study of 
interference effects bctv/ecn diffordnt classes of materials. Simply stated, 
the rationale in using interference effects to study encoding is t!iat 
materials v/hich don't interfere with one another must be, to some extent, 
represented by different nemory codes, i.e., encoded differently. The" 
particular type of interference studied rost widely in this context, has 
been proactive intei^'^orence (PI), which uevelops over successive trials 
(Keppel S^-Uiiderwodd, 19G2) in the distractor type (Brown, 1958; Peterson 
& Peterson, 1959) short-term retention task. The important fact for present 
purposes is that a number of experiments have demonstrated that cf?.rtain 
changes in' materials" anrf/or i^roc^yAures^ follow.ing the development of PI, 
result in an abrupt improvement in performanp, or release from PI.. This 
rel ease-f rom~PI phenomenon has boon taken as) evidence of differential 
encoding and is widely used to study encpdi.r^'g processes (Wickens, 1970, 1972). 

In. initial experiments tliat provided jUieJia-si^s-^'or^^^^^^ the 
writer and his students (Hopkins,, tdwards, & Gavdlek, 197T; Hopkins & ' 
Gavelek, 1970) reported that a s^ift to A presen?tation following several 
successive V trials produced a significant recovery from interference,, 
supporting the notion that A Qr,d .V materials are ^encoded differently for 
short-term retention, liowever, a comparable shift in the A to V div^ection 
did not reduce interference. AVI other factors being equal, it seemed 
logically im*possible for the_encpding to be different for the two modalities 
when- assessed by a shift^from,V to A presentation, but not when assessed 
by an A to V shift, Thus, it v/as assumed that other uncontrolled variables 
were very Important in this situation, or that, the -release-from-PI paradigm 
is unsatisfactory for the study of encoding processes . The purposes of 
the proposed prpject, tlien, were to clarify these results and, hopefully, 
to shed new light on the controversy regarding the encoding of presentation 
modality in the short- terrn store. 

Objectives . The goneral objective of the project was to invOyS-feigate ' 
the nature or the encoding process for verbal materials, particularly 
differences arising from mode of presentation. Somewhat more specifically, 
the objectives may be divided into three parts, although these parts are 
not mutually exclusive: 

(1) To determine some of the important conditions producing differential 
encoding of A and V materials, as evidenced by a release from PI folTov/ing 

a 'Shift in the mode of presentation of the stimulus materials. 

(2) To investigate some of the characteristics of the PI which develops 
over repeated trials in the distractor procedure. 

(3) To make some initial attefSpls to study encoding- using a. varisety of 
procedures other than the rel ease~from-PI paradigm. ^ 

Org anizati on of the report> Since the project was concerned primarily 
with empirical research, most of the report will be contained in the 
results section. A number of experiments v/ere conducted, and these will 



be discussed and evaluated as they are presented. The report will also 
include a rather. brief section on conclusions and recommendations; the 
latter section will summarize the important findinqs , evaluate their 
significance, and make recommendations for future research and applications. 
A number of niethodoloyical considerations were common to many of the experi- 
ments to be reported. Al tliough a si ight departure from the recommended 
format, in the interest of clarity and brevity these general features will 
be described next. ^ ^ 

•General method. ^ The subjects were Washington State University under- 
graduates who parLfcipated in partial fulfillment of course requirements. 
The "subjects wore either totally naive vnth respect to verbal learning . 
experiments, or !iad not served i n other, experiments using the same materials 
and procedures . The subjects were always assigned to treatments randomly 
with the restriction that the nth 'subjact---n.ot be assiqned to a particular 
treatment until n-1 subjects had been assigned to each of the other treat^ 
monts in a particular experiment* - . 

• In all experiments in which the^-tWD<modes of presentation were directly 
compared, the A stimuli were prerecorded on a stereo tape deck and presented 
via headphones or loudspeaker. The V stimuli .were presented on a rear- 
•projection screen by a pair of alternating slide projectors. These pro- 
jectors were equipped with external shutters for precise control of exposure 
duration at 0.5 sec^ approximately the duration of A stimuli. Synchroniza- 
tion of A and V stimuli, as well as control of temporal parameters, was 
accomplished by programming equipment designed; and constructed under the 
support of this project (Hopkins, 1972). , 

The most commonly used procedure in jthis project was the Brov/n- 
i. Peterson .(Brown, 1958', Peterson & Peterson, 1Q50) short-tenn retention 
* task. In this task, a set of three or four words are presented for the 
subject to study and remember.. The stUjdy period is followed . by a period 
of 20 sec, or less, of distractor activity such as a simple arithmetic or 

classification task. The purpose "of "Th'is filler activity is to prevent 

rehearsal. The rehearsal-prevention activity is followed by a recall period 
of a few seconds.* ' Then the next trial begins in^ediately. On each trial, 
the subject need recall only the words from that particular trial, and is 
so informed. NeveritheTess, recall ^ performance in this task typically drops 
over a ser-ies of "several successive trials from nearly perfect recall on 
the first trial to recall'of only about one out of three study words on 
the third trial. Tf)is decrement in performance is attributed to PI. 

Most of the release-from-PI experiments involved a shift in mode of 
presentation and require a minimum of four conditions, .tv/o experimental 
and two control . The experimental condition in which pres^en-ta-tion is shifted; , 
- from A to V requires a control condition in which stimulus' presentation 

is V on all trials. The experimental condition in which presentation modality 
is shifted from V to A requires a control condition in which presentation 
is via the A mode on all trials. These conditions vnll be referred to by a 
"two'- letter appreviatioPi in v/hich the first letter refers to the mode of 
presentation on the pre-shift trials and the second letter to- the presenta- 
tion modality for the ^hift trial. For example. Condition AV- refers to a 
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treatment in which several A trials are followed by a shift to V presentation; 
Condition VV refers to a treatment in which all tnjils are^V trials. 




Chapter 2: RESULTS 

Shij't ijli^ P^r^^^^ flodaHty a nd Rel eas e from PI ' 

' The first seven experiments to be described v/ere conducted with two 
related purposes! First, they were designed to provide an explanation of 
the asymmetrical release from PI obtained by Hopkins, Edwards, and Gavel ek 
(1971 ).. .. The second purpose was a natural byproduct of * this investigation: 
"a number of important variables were tested to determine their role in the 
release--from-PI paradigm. - 

" Ex p. I: The A ttention Hypothesis. (Hopkins, Edwards, & Cool:,- 1973) 

Hopkins, Edv/ards 5 and Govelek (1971) suggested the' "attention hypoth- 
esis" as one possible explanation for the -asymmetrical release from PI 
in their experiment. Acco-rding to this hypothesis^ subjects in the A 
to V shift condition stopped attending to the V display after7severaT 
successive A. trials, even though warned at the outset that a shift in 
modality might occur. If this hypothesis were correct, many subjects would 
not have perceived the V materials of the A to V shift and, consequently , 
could not have demonstrated the release from PI. Although internal analyses 
of the earlier data did not support the attention hypothesis, it was not 
tested directly. In the present experiment, an attempt was made to assure- 
that the subject attended to the visual display. He was simply informed. 
^a-t-~-the beginning of each trial, of the mode of presentation to be used. 

V l^tethod. Each subject received four successive trials in a distractor- 
type short-term retention task. The conditions of study remained constant 
for each subject over the first three trials. The fourth trial was, a shift 
'trial to test for. release from accumulated PI. Four independent groups wert 
formed* by the factorial combination of mode shift (present or absent) and 
mode of presentation on the fourth trial (A or V). Thirty-tv;o subjects were 
assigned to eacli of the four groups. 

The to-be-recalled study items v/^re triads of high-frequency animal 
names from the Battig and Montague (1969) noras. Tv/o different lists were 
prepared by independently forming'four triads from the word pool; these 
lists were counterbalanced across the conditions. The distractor or filler 
materials on each trial were a randomly selectect series of six signed 
digits from the pool +1, -l, +2, and -2. When a +1 or a -2 was presented, 
the subject was to say "A"; v/hen a -1 or a +2 ms presented; the subject 
was to say "B." • 

Each trial began with a v/arning signal which informed the subject of 
the mode of presentation for the upcoming trial. For V trials, this signal 
v;as the word-'"visual " presented simultaneously on the screen and over the 
headphones; for A trials, the word^ "audi tory" was presented simuTtaneously 
in both modalities. After 1.5 sec, the study v^ords were presented one at a 
time; at intervals of .JS sec, onset to onset. The first filler item was 
presented .75 set after the onset of the last^study word. The six filler 
items were then presented at interval's of 2,5 sec, onset to. onset. As >n 
the Hopkins, Edwards, and Gavel ek (1971) experiments, the fil ler.i terns v/ere 
presented in the V modality on all trials. After the last filler item, the 



v/0 rd. 'Vecall "Mvas presented oh" tfie'scrGon end the subject had 2,5 sec to ^ 
say aloud the three study words. There was no intertrial interval; the 
warning signal for the next trial was presented 7n:mediately after the 
recall period,- ' This procedure v/as repeated without interruption for four 
trials. • * , V, 

Itesults and discu ssion . The mean numbers of words correctly , recalled 
are presented'^ in 'Mgure 1 a^s a function of trials. Perfoniianc.G„„o1i^ Trials . 
1 to 3 was analy;?ed first. As may be. seen in the figure, recall declined ] 
markedly from the,, first to third trials, £(2,248) 104.05, ^ <.001, 
indicating r'a[)id development of substantial PI. • The only other significant 
source of variance v/as that A items' were recalled better .than V items, 
£(1,124) = 22.613, £ <.001. This .difference between the two modes is • , 
consistent with a v'ariety of previous results ((iopkins, Edwards, &. Gavel ek, 
1971; Grant h McCurmack, 1%9). , • 

Analysis of the shift results from Trial 4 vyould ordinarily involve 
the compari'son of Condition VA to its; control Condition AA and the compari- 
son of Condition AV to its control Condition VV. However, this analysis 
couVd be misleading because the apparent Trial. 4 superiority of Condition 
AV to Condition VV may be entirely due to carryover from the main effect of 
mode on Trials 1 to 3. Consequently, .absolute release from PI v/as 
evaluated by using recovery scores. The recovery score v;as computed for * ^ ' 
each subject by subtracting Trial 3 recall from Trial 4 recall. The mean 
recovery scores may be estimated from Figure 2, and are 1.03, -.06, -.41, 
and -.13 for the VA, V\A, AV, and VV conditions, respectively. The only 
one of tl)ese mean recovery scores which was significantly different from 
0.0 was that for Condition VA> t.(31) = 4.30, p <.001. It is concluded 
that under these conditions there is a release from PI for a VA shift but 
not for an AV shift, ihe.refore, the warning signal was unsuccessful in 
producing a symmetrical- release from PI, and the attention hypothesis es 
discredited. ' 

Exp, 11: Distractor Modality (Hopkins^ Edwards5 & Cook, 1973) 

All of our previous experiments had used an interpolated 'task 
presented in the V m.ode, Jhis experiment v/as simply designed to assess 
the role of filler modality in this situation. There are a .number of 
indications in the 1 iterature that adistractor task interferes more 
with retention when it is presented in the same mode as the study items 
than when the study and distractor modes differ (KrolT, Parks, Parkinson,. 
Bieber, & Johnson, 1970; Margrain, 1967; Parkinson, 1972)/ Thus, it was 
predicted that the direction of the main effect of modality v/ould depend 
on the filler modality; furthermore, it seemed, likely that the filler 
modality might influence the asymmetry in the release from PI. 

Me thod . Eight independent groups'were formed by the factorial combina-- 
tion of mode shift (present or absent), mode of the melTrory"n''tomr the 
shift trial (A'or V), and mode of the filler task (A or V). This experiment 
was conducted simultaneously \/ith Exp. I, with only two differences in 
materials and procedure. First, the warning signal at the beg inning of each 
trial v;as replaced by the v/ord "study*' for continuity with the procedure of 
Hopkins, Edv/ards, and Gavelek (1971). Secondly, the fitler itbms were presented 



The subjects were instructed to recall the v/ords in their left-to-right 
ordor of presentation, and were encouraged to guess if uncertain. 
Im/nedititcly after the recall period, the word triad of the next trial was 
presented. 

Following the third trial the drum v^as stopped for 0,- 15, 30, .^0, or 
120 sec. The subject was instructed to turn over a piece of paper and 
begin cancelling all of the As, Bs, and Cs, according to instructions given 
at the beginning of the experiment. When told to stop, the subject turned 
his paper face dov/n, and looked back toward the window of the drum for the 
final trial . 

Thi rl^y^wo subjects were assigned to each condition. 

I^^ul_ts. The numbers of words correctly recalled are presented in 
Fig. 5. 'On tiie first three trials, there were no systematic differences 
in perfornunce among the ten griDups^ so those data have been pooled for 
clarity of presentation in the left-hand panel of the figure. It may be 
seen that there v/as a marked decrement in performance from Trial 1 to • 
Trial 3, r(2,633) = 271 JB, £ <.001, indicating the development of con- 
siderable'^ PI. 

Trial 4 performance is shown in the right-hand panel of Fig. 5 for 
each of the 10 groups. There was some concern about ceiling effects in 
the shift groups. However, this does not seem to have been an important 
factor, as evidenced by the fact that the standard deviations were similar 
for all 10 groups, ranging from .84 to .98 for the shift groups and from „ 
.84 to 1.20 for the no-shift groups. Performance on Trial 4 did tend to . 
improve as the rest interval was lengthened, £(4,310) = 2.66, £ <.05, 
indicating the dissipation of some PI. The shift conditions yielded better, 
performance than the no-shift conditions , '£(1 ,310) = 84.45, £ <.001, and 
the interaction between these two variables was not reliable, £(4,310) 
= 1.20, ii <.10. Thus, performance in the no-shift groups remained almost 
uniformly below that in the shift groups, indicating that substantial PI 
remained after tv/o minutes. 

D iscussion . The present results seem to indicate a somewhat slower 
dissipation of PI than that obtained by Kincaid and Wickens (1970) in a 
similar experiment. One potentially important difference between this 
"^experTment and that of Kincaid and Wickens, which might, have influenced 
the rate of PI dissipation, is the difficulty of the rest-interval activity. 
Kincaid and Wickens used Stroop color naming, which is surely more difficult 
and distracting than our letter cancellation task. The importance of the 
difficul ty -of the rest-interval activity v/as examined in Exp. IX by comparing 
PI dissipation during a very easy task (sitting quietly) with that during 
a difficult activity (multiplication problems). Another change made in 
Exp. IX v/as to lengthen the rest interval to 5 min, thus providing additional 
information- regarding the rate ^of recovery from PI. 
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Fig. 5. Mean numbers of correct responses in Exp. VIII. 
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I'/JL'l.JAL Re st-Into rval Difrfc ulty and the D issipation of Proactivo Inter- 
fcVeiTc'e (Tlopkins, LTiward s, & Cook*,. "1 97 2) 

ftejtho^d. The materials and procedure v/ere identical to those of Exp, 
Vin vnth the follov/ing tvjo exceptions. First, only one rest interval was 
used: 5 rnin. Secondly, tv/o different rest activities w^re used. Half of 
the subjects were given a sheet of ten problems requiring the multiplica- 
tion of a two-, three-, or four-digit number by another two-,' three-, or 
four-digit number, and asked to complete as many as possible in the allotted 
time. The remaining subjects were given no specific rest act+vity and v/ere 
.simply asked to sit quietly. Thus, the design was a 2 by 2 factorial , with 
two levels of shift (shift and no-shift) and two levels of rest-interval 
activity (none and multiplication). Thirty-two subjects were assigned to 
each condition, . • 

Results, Overall mean- recall scores on Trials 1,2, and 3 were 2,84, 
1,65, and 1,13, respectively, almost identical to Exp, VIII, For the multi- 
plication conditions, the mean recall on Trial 4 was 2.75 in the shift condi- 
tion and 2,31 in the no-shift condition; the corresponding means in the 
conditions with no rest-inter^val activity were 2,66 and 2,34, respectively. 
Trial 4 performance in the shift groups was superior to that. in the no- 
shift groups, £(1 ,124) = 5,85,. £ <,025, Rest-interval activity v/as not a * 
reliable variable, either in^main effect or in interaction with shift condi- 
. tion, both' fs <T/ . 

Disc ussion , . The difference between the results of Exp. VIII and those 
of Kincaid and Wickens (1970) are probably not attributable to the difficulty 
of the rest-interval activity. Even though some differences between the 
studies do remain, one must not lose sigiit of the similarities. In each case, 
a substantial proportion of the PI remains after a rest interval of 2 to 5 
min. Thus, some of the PI may be due to long-term, as opposed to short- 
term, processes. Equally important, however, is the fact th?it at least 50% 
of the PI does dissipate within 2 min and, therefore, can reasonably be 
attributed to short-term processes. The latter conclusion is* quite different 
from that recently reached by Craik and Birtwistle (19710. Those investi- 
gators used a task requiring free recall of successive 15-word lists and 
concluded that PI develops in the long-term store but not in the short-term 
store. On- a theoretical level, it may be assumed that the last few items of 
a free recall list are recalled from the short-term store; on an empirical 
level, however, the laws inferred from the free recall task (used by Craik 
& Birtwistle) may be quite different from those inferred from the dis tractor 
task generally used in the rel ease-from-PI paradigm. 



__0n the basis of the results of Exp, VIII and IX, and those obtained 
by Kincaid 'and Wickens, it appears that performance in the released-from-PI 
paradigm is mediated by a combination of long- and short-term memory 
processes. The results of fill er modal i ty manipul ations in Exps. II through 
VII are interpreted, however, as evidence that short-term processes , are 
dominant in the release from PI following a shift in mode of presentation 
of the memory items. 

Exp, X: Retrieval Processes in PI with Experimentally Familiarized Materials 

All of the experiments described above, and. most of those in the 
Q literature, have used rather brief recall periods. Tlius, a large proportion 
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of the observed PI may be due to output interference or retrieval difficul- 
ties arising from time pressure provided by a brjef recall period. In 
order to conclude that retrieval is a factor, however, it is necessary to 
take several steps. 

First, it* must be shown^that the items are initially .registered in , 
the shoft^ferm store. This~can be accompl ished by testing^ some subjects 
after a very brief retention interval. Intuitively, one v/ould expect that 
a subject v/ouTd be able to recall three v/ords immediately after their * 
presentation, no matter hov/ much PI had been developed. This would be 
evidence that the items are registered in the short-term store. 

Secondly, it is necessary to establish that the items remain in memory 
throughout the trial, but are simply; not accessible or recallable during 
the time of test. This can be"^^c;omt>l ished by providing a test for recall • 
of all the experimental v/ords at the conclusion of the experiment. Then, 
those words recalled on this test can be assumed to have been present in 
memory. at the time of the tests for short-term retention. — - 

If it is established both that an item was registered in the short-term-, 
store, and that it was present in memory in a post-experimental .test, then * 
an inability to recall that item in the distractor test would seem to be due 
to retrieval difficulties. 

In the first experiment of this series, the target words v/efe familiar- 
ized by simply having the subject learn to freely recall the entire set of 
v;ords prior to theJ-^-marir porti on of the experiment. Then subjects partici- 
pated in three successive trials of the distractor task with a retention 
interval of either 2 or 16 sec. Five minutes after these trials, each'subject 
was given a variety of tests for long-term memory of the experimental items. 

This experiment will not be described in detail here because Exp. XI, < 

which v/as designed "later, provides a much neater test of the hypothesis. 
Only the general trend^pX the results need be noted. Relative to appro- 
priate controls, famiViarizatio'n did improve recall in the distractor task, 
but only slightly and it had no differential effect on the development of 
PI. More importantly, there was little PI with the 2-sec retention interval 
(items were being registered in the short-term store), but there was sub- 
stantial PI with the 16-sec retention interval, even for items which were 
later found to be recallable from long-term memory. These results^are 
consis-t^ht with the hypothesis that retrieval difficulties play a major role 
in the development of PI. 

Exp. XI : PI as a Function of Retention Interval with Items Known to be 
Present in Memory 



Exp. X had the disadvantage that it required pretraining or familiariza- 
.tion of the experimental words to assure that a large proportion of those 
words would- be available in the long-term store. In Exp,, XI, the to-be- 
remembered materials on each trial were the. names of three months of the year.--^ 
Clearly, every subject has these items well represented in the long-term 
store, so the familiarization can be accomplished by simply informing the 
subject tfiat these are the materials to be used. *- 
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Method > Each subject received four^TUccessi ve trials in a short- 
term memory distractor task. Twenty-four subjects were assigned to each 
of four* independent groups, differijTg_ with_^regard to the length of the 
retention interval on each trial (O, 4,78, "or 16 sec). 

The to-be-remembered materials were the names of the twelve months 
of the year. Four triads, each consisting of three different month names, 
were formed by randomly selecting, without replacement, one month from 
each successive third of the calendar year for each triad. The trial 
positions of the four triads were counterbalanced, resulting in four lists. 
Equal numbers of subjects in each group were assigned to each list. The 
distractor activity was backward counting bythrees from a randomly selected 
three-digit number. 

On each trial ,6 a triad of month names was presented for 4 sec. This 
was followed by a three-digit number. The subject said the number aloud, 
,and then began counting backward by threes from that number as rapidly as 
possible. After the period of backward counting, the word "recall'* was 
exposed for 4 sec, during v/hich the subject was to recall the three month 
names that had been presented on that trial. For the 0-sec retention 
interval group, the study words were fpl lowed imiTiediately by the word 
"recall." For the two groups with' 8- and 16-sec retention intervals, the 
three-digit ->number for backward* counting changed every 4 sec. All materials 
were presented via Stowe memory drum. 

Results. The mean numbers of words correctly recalled on each trial 
.are presented in Fig. 6. It may be seen that there was no PI with a 0-sec 
retention interval; all 24 subjects in that group perfectly recalled the 
three month names on each trial. For the other three groups, therewas a 
significant PI decrement across trials, £(3,207) = 37.45, £ <.001, and the 
amount of PI was djrectly related to the length of the retention interval, 
£(2,69) - 8.14, 2, <-001. The interaction of these variables was not reli- 
able, F(6, 207). = 1.40, £ >.20. 

Discussion. These results speak for themselves. The memory Items are 
available in long-term memory for every subject. Furthermore, the perfect 
retention on all trials with a 0-sec retention „interyal indicates that 
all items were initially rocal labile from the;..short-term store. Nevertheless, 
with a typical retention interval *of 4 to 1 6:;?sec»-» and a recall interval of 
4 sec, PI does develop. Thus, the observed PI is apparently due to retrieval 
difficulties. 



Exp. XII: Mode of Presentation and PI with a Long Recall Period 

To the extent that the accumulation of PI is due to retrieval problems, 
PI should be reduced by using a much longer recall period. This experiment 
was'designed to provide evidence on thatquestion. In addition, the A and • 
. V modes of presentation were directly compared. 

M ethod . Four independent groups v/ere formed by the factorial combina- 
tion of two modes of presentation of the study items (A or V) and tv/o modes 
of distractor activity (A or V). Twenty- four subjects v/ere assigned to each 
. group. 
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The lists of study items were the same as for Exp. XI, and the numer- 
ical addition task of Exp. Ill was used as filler activity. The recall 
inUrval v/as 25 sec, and subjects were given feedback by the experimenter 
as the recall took place. Forjach correctly recalled word the experimenter 
said "right," and he said "wrong" for each incorrectly recalled v;ord. The 
subject v/as permitted as many attempts as necessary to recall the three correct 
words. Once a subject had recalled all three words correctly, or had recalled- 
as many as he could, he was instructed to simply sit quietly until the end 
of the 25-sec recall period, when the next trial began. 

Results. It was hoped that the number attempts required to correctly 
get the three words on each trial could be the major dependent variable, 
providing a direct<firntij£X'rof the amount of retrieval difficulty. However, 
of the subjects who did not recall the three correct words immediately, 
a large proportion never did recall all three words correctly. Thus, this 
dependent variable could not be used. 

The data were simply scored in terms of the number of correctly recalled 
words in the first three attempts. The means of this response measure are 
presented in Table 3. It may be seen that very little PI developed, although 
the decrentent in performance across trials v/as reliable, £(3,276) = 7.73, 
j)_ <.001. Recall was better with a V filler than with an A filler, F(h92) =^ 
14.35, £ <.00U The data are suggestive of the interaction betv/een filler 
mode and"* study mode obtained in Exps. II and III; however, this effect was 
not statistically reliable, F(l ,92) = 3.01, |)^ =^.08, probably because overall 
performance v/as so high that differences among the groups v/ere masked by " 
ceil ing effects. . ^ .. 

Table 3 



Mean 


Numbers of 


Correct 


Responses in 


Exp. XII 




Study Mode 


Filler Mode 


Trial 


1 Trial 2 


Trial 3 


Trial 4 


A 


A 


-2.58 


2.12 


1 .92 


2.29 


• 'A 


V 


2.92 


2.54 


- 2.58 


2.67 


V 


A 


2.62 


2.37 ' 


' 2.37 


2.04 


V 


V — 


2.71 


2.54 


2.42 


: 2.42 



Discussion. TItis experiment was unsuccessful in its attempt to measure 
retrieval difficulty directly by a new dependent variable. Nevertheless, 
the results are consistent with the interpretation that PI is due, in part, 
to retrieval difficulties, since allowing subjects essentially unlimited 
time for recall greatly reduces the amount of observed PI. 

Taken together, then,' the last three experiments on retrieval suggest 
that problems at retrieval are a major component of PI. Hov/ever, they do 
not invalidate the use of the release-f rom-PI paradigm as a procedure for 
the study of encoding. It is still the case that materials which don't 
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interfere with one another, at retrieval or at any other time, must be 
represented differently from on another in memory. Thus, a reduction in , 
interference following a shift in mode of pr^entation must mean that the 
pre-shift and post-shift materials have been encoded differently. 

' Other Procedures for St udying E ncoding ] 

Exp^. XI II: Dir ect Measuremen t of Mem ory f or Mode of Pres en tation(Hopkins , 
Ti72j'~ ^ - . \ 

Encoding, per se, is an unobservable process and must be studied by 
indirect methods. Hov/ever, some of the results of encoding are directly 
observable. For example, one can determine v/hetjier^^r not information 
about stimulus modality has been encoded by simply asking the subject to 
-identify the mode of presentation of a particular stimulus. In this v/ay 
one has a direct test of v/hether or not mode of presentation is an attribute 
that represented in memory. The present experiment used this teclinique 
in a situation v/hich most probably tested long-term, rather than short- 
term memory, although the technique could be extended to the .study of short- 
term processes. In addition, this particular experiment provid^ed a test of 
the hypothesis that retrieval and output decision (based on the attributes 
of a retrieved item) are independent processes. . . 

The general procedure is to present a free recall list composed of 
some A v/ords and some V words. Following free recall of the list, the subject 
is asked to identify the mode of presentation for each member of the list. 
At least tv/o related experiments have recently been reported, one by Bray 
and Batchelder (1972) and one by Madigan and Doherty (1972). Those reports 
suggested that subjects can make accurate judgments of presentation mode, 
even in situations for which free recall isn't organized by mode and for 
which overall recall is not influenced by presentation modality. 

Suppose that recall is made contingent on the modality judgment, instead 
of separating recall and modality judgments as in the previous experiments. 
For example, we might ask the subject to recall only the A words. This task 
will be called "limited recall," as opposed to free recall. Can we predict 
performance in limited recall from performance in^sepacate tests of free 
recall and mode identification? * ; 

Assume that recall of an A word in the limited recall task is a two- 
stage process. First, the word must be retrieved, just as in free recall. 
Secondly, the subject must make a decision regarding the mode of presentation 
of that retrieved v/ord. If the subject decides the retrieved word is an A 
v/ordi he recalls it; otherv/ise, the subject rejects that word and searches 
memory for a different word. If we assume that the processes of retrieval 
and mode identification are independent, then we can make a specific predic- 
tion. In fact. Bray and-B-atchelder (1972) did report evidence for such 
;4ndependence. Given " this model of two independent processes, then, recall 
probabliity with instructions for limited recall should be equal to the 
probability of freely recalling an A word and the probability of identifying 
it as an A word. These two probabilities can be estimated from the perfor- 
mance of a group of subjects who freely recall the words and then rmke 
modality identifications. For example, suppose the probability of recalling 
an A word in free recall is .6, and the probability of correctly identifying 
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an A v/ord is .8. According to this model, the predicted probability of 
recalling an A v/ord in the limited recall task is .48. The present experi- 
ment provides a test of this model, as vjfell as additional information 
regarding the subject^'s' ability to remember and use mode of presentation 
information. 

M ethod . Tv/enty subjects v/ere assigned to each of three groups: recall 
All words, recall A Words only, and recall V words only. The subjects were 
tested individually. on a mixed list consisting of five common words presented 
in the V mode and five common words presented in the A mode. Each list was , 
scrambled so that no more than two succv^ssive words were presented in' the 
same mode. The V words were presented by memory drum and the A words were 
spoken once by the experimenter as a blank was shown in the window of the 
.memory drum. Initially, the subjects were simply instructed to study each 
word as it was presented so that all the v^ords could lat'e'r'^be recalled. 
Then the list was presented once at a rate of 4 sec per item. Following study, 
the a.ppropriate instructions for recall were given to the subject, and any 
questions v/ere answered. This instruction period took about 30 sec,, so we 
presume that subsequent recall was predominately from the long-term store. 
The free-recall was paced at a 2-sec rate. All subjects were given the same 
time for recall, sufficient for recall of all ten v/ords. Fol lowing* recall , 
the subject v/as instructed for the modality identification task.- For-this 
task, the study v/ords v/ere presented at a 2-sec rate and the subject was 
to say "auditory" for each A word and "visual" for each V word; the subject 
v;as instructed to respond to each v/ord, guessing if uncertain. 



■ V Table 4 - 

Recall and Identification Scores for Each Condition of Exp. XIII 



Probability of Correct 
Word Recall 

Probability of Correct 
Modality Identification 

Predicted Probability of 
Correct Word Recall 



Group Al 1 
A v/ords V words 
.53 .56 



73 



.84 



Group A 
A v/ords V words 
•44 .23 



.77 
.39 



.83 
.09 



Group V 
A words V v/ords 
•26 .66 



.72 
.14 



.83 
.47 
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. Result s. The results are summarized in Table 4 for the major dependent 
variables. Consider first the data from Group All. The difference in recall 
probability between A v/ords and V v/ords v/as obviously a small one, t^ <1 . 
It is also clear that the subjects v/ere able to make reasonably acctfrate 
mode identifications. The fact that V v/ords were better identified than A 
v/ords, t^(19) = 2.61, p <.02, is opposite to the difference obtained by 
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Bray, and Batchelcler (1972). This difference probably depends on the procedure, 
and the superiority of V to A identification in the present results may be 
due to the fact. that all v/oHs v/ere presented in the V mode at the time of 
test. 

Several measures of recall organization v/ere also considered for 
Group All. First, the mean serial position in output was 3.28 for A words 
and 3.18 for V words; thus, there was no. tendency to recall A words before 
V v/ords and vice versa. A variety of clustering measures were computed, and 
in no case v/as the amount' of observed clustering significantly different from 
chance. For example, the z^-scor-e clustering index suggested by Frankel and 
Lole (1972) was .01 v/hen words ytere classified o"n"tliG basis of their actual 
modv^ of presentation and -.18 v/hen classified on the basis of the subject's 
subsequent mode identification responses. Thus, there v/as no indication of 
clustering of recalled v/6rds. by mode of presentation. 

Finally, the dependence of correct identification on .recall was checked 
in Group All. One might expect that recalled v/ords v/ould be better remembered 
in all respects, so that their presentation modes v/ould be more accurately 
identified than those viords that v/ere net recalled. The conditional probabili- 
ties of correct identification given recall and given no' recall v/ere .70 and 
.78, respectively, for !A v/ords and .88 and .80, respectively, for V v/ords. 
The hypothesis of independence could not be rejected by a chi-square test for 
either A words or V words, bothx <'i • Thus, for the group instructed to freely 
^recall all of the v/ordsi, the results are entirely consistent with those 

obtained previously: subjects can remember mode of presentation, but this 

memory appears to be independent of recall, and free recall is not organized 
by mode of presentation. - ' - 

The results for the other two groups, A and V, provide information 
regarding a situation in which the subject is, in effect, instructed to 
organize his recall by mode'of presentation. It is evident from the results 
shov/n in the table that subjects can follow this instruction. When the subject 
is instructed to recall only A v/ords, he does make mistakes but recalls more 
A v/ords than V v/ords, jt(19) 2.58, £ <.02. Similarly, v/hen the subject is 
instructed to recall only V words, significantly more V words than A words 
are recalled, t^(19) = 5.63, £ <.001. Mode identification seems to occur in. 
these groups with the same accuracy as in Group All. 

The data in the last line of the table. provide a test of the model . 
outlined in the introduction. The data from Group All were used in computing 
these predicted recall probabilities for Groups A and V. For example, in 
order for a subject in Group A to recall an A word, he must be able to both 
recall the v/ord and identify it as an A v/ord. The respective probabilities, 
estimated from Group All, are .53 and .73, so the predicted probability is 
the proclu'ct .'39. In order for a subject in Group A to recall a V v/ord, he" 
must be able to recall the v/ord with probability .56, but then misidentify 
it, v/ith probability 1-.84; the product of these probabilities is .09. The 
tv/o predicted probabilities for the V group v/ere obtained in a similar 
manner. It may be seen that each of the predicted recall probabilities 
seriously underestimates the corresponding obtained value. 
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Discussion, Clearly, the simple and intuitively attractive model 
suggested here is incorrect. One possibility, v/hich could nave produced 
the obtained results; is that subjects in Groups A and V v/ere simply using 
a different criterion to decide the mode of a retrieved v/ord than the criter- 
ion used by subjects in Group All in making their mode Identifications. 
Rather than pursuing the model without more data, hov/ever., the interesting 
findings will simply be^ summarized. It is apparent from this experiment, as 
well as from those by Bray and Batchelder (1972) and Madigan and Doherty 
(1972), that subjects do retain modality information, but do not ordinarily 
use that information to organize their recall. For this reason, it seems 
unlikely that A and- V words are stored as separate sets in memory. The results 
from the limited recall task, however, indicate that subjects can make their 
recall dependent on modality information when instructed to do so. 

It seems that the 1 imi ted .recal 1 task may prove extremely useful for * 
the study of attributes of memory and of retrieval processes. The experiment 
described here was a. prel iminary effort in the investigation of modality 
effects in the long-term store, A related procedure could also be developed 
for study of the short-term store. For example, one might pres'ent a very 
few items in mixed modes, distract the subject, and then present a probe 
item, asking the subject to indicate, the modality in which the probe v/as 
originally presented. Since accuracy would likely -be extremely high, it 
.would be necessary to use some other dependent variable, such as the speed 
with which the decision is made. 

E xp. XIV: Acoustic and Visual Similarity in Same-Different Letter Identifica- 
tion J ud gments j j . 

! ■ . Jv . ♦ . 

This experiment v/as coriducted by Richard J. Boylan in parti aT ful fillment 
of the requirements for thejPh.D. in psychology, under the direction of the 
principal investigator. Although the data are all collected, Mr. Boylan has 
not finished the analysis, and interpretation of the data. Consequently, the 
description of this experiment must be brief and more superficial than that 
for most of the other research in this* report. 

The background for this .expel^imeht comes from the general notion that 
human information processing proceeds by stages, and from the idea that 
separate stages of processing can be Isolated by studying the interactions 
of independent variables in determining reaction times (Sternberg, 1969). 
In particular, a number of indications suggest that character recognition 
might consist of two stages c(cf. , Nelsser, 1967). In the recognition of 
letters of the English alphabet, for example, it appears that an early 
stage consists of feature extraction and should be highly dependent on 
visual similarity of the characters to be discriminated; a second stage 
depends on naming of the perceived letter and should be dependent primarily 
on the. acoustic similarity of the letters to be discriminated. Mr. Boylan 
was interested in these stages of stimulus encoding, and reasoned that if 
the above interpretation were correct, then one v/ould expect an interaction 
between the type of similarity and the time allowed for processing of the 
letters. 
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" ' To investigate this problem, an experiment v/as designed in which the 
same-different task was employed. In this task, the- subject is presented 
with two letters in rapid succession and must decide whether ttiey are the 
same or different. The time tp^make this decision is measured. The letters 
used were from sets that were either the same (such as 6oth Cs), or differed 
in one of four systematic ways: acoustically similar (such as C-E), visually 
similar (such as C-0), similar on both dimensions (such as C-G), or similar 
on neither dimension (such as C-F). The first letter was presented for 20 

• to 1000 rnsec- and the second letter was presented for 20 to 1000 msec, with 
a constant interval of 50 msec between the two letters. The subject pushed 
one of two buttons for Qach pair, indicating, v^hether the^ letters were the same 
or different. 

If tv/o- separate ^stages were being influenced differentially by acoustic 
and visual similarity, then the temporal variables and the type of similarity 
should have interacted in determining the time required to make a different 
judgment. Preliminary analyses of the data suggest that this interaction was 
not obtained and that, therefore, .the hypothesis of separate stages is in- 
correct or the experimental method inappropriate for the study of these stages 

Exp. XV: P ronunciation Effects in Forced-Choice Recognition Memory (Hopkins 
& Edv/ards, "197 2) 

. It was noted in the discussion of Exp.. VI that verbalization of the 
filler items, as v/ell as verbalization of study items, does not appear. to 
have the same consequences as A presentation of these types of items. A 
number of memory theories (e.g., Adams, 1967) seem to suggest that A presenta- 
tions and vocalized V presentations should have very similar effects. 
Furthermore, a variety of studies clearly show that pronunciation or vocaliza- 
tion is a variable in short-term retention (e.g., Peterson h Johnson, 1971; 
Tell, 1971; Levy, 1971). Experiments XV and XVI provide some information 
regarding the effects of pronunciation of study words on encoding and sub- 
sequent recognition memory. These studies did not investigate modality 
effects, per se; instead, they were designed within the context of frequency 
theory. They are, hov/ever, cl&arly related to the problem of encoding and to 
differential encoding and retention of pronounced and silently-studied items. 

The frequency theory was- proposed by Ekstrand, Wallace, and Underv/ood 

• (1966) for verbal discrimination learning, and has been extended to other 
types of recognition memory by Underwood and Freund (1970). This experiment 
was designed to test a prediction from frequency theory, the prediction that 
recognition memory for verbal units will be improved by pronunciation of those 
units. 

According to the frequency theory, frequency is one of the principal 
.memory attributes used in a recognition test. That is, the subject is pre- 
sumed to distinguish previously studied (old) items from distractor tnew) 
items on the basi.s of a frequency differential, the old units having a situa- 
tional frequency of one, the new ones a frequency of zero. Underwood and 
Freund (1970) tested this theory by manipulating the frequencies of both old 
and new items; in support of the frequency theory, they found that correct 
identification of an old word was directly related to the number of its 
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repetitions and inversely related to the number of repetitions of the new 
word v/itK v/hich it was paired. 

One of the assumptions of frequency tlteory is that the, pronunciation 
of verbal units increases their apparent frequency. This assumption has 
received indirect support from numerous verbal 'discrimination experiments 
(Hopkins & Epling, 1971; Underwood 8t Freund, 1968). In a more direct test, 
Hopkins* Boylan, and Lincoln (1972) found that pronunciation did increase 
judged frequency, but only when pronunciation was manipulated in a mixed 
list, that is, v/hen the subject pronounced some of the experimental words 
and not others. An obvious prediction is that pronunciation should improve 
recognition performance, but only in mixed lists. However, the distractor / 
items of a recognition test have not been presented before the test and, 
consequently, have not been pronounced in the experimental situation. Thus, 
the test comparisons involve both pronounced and unpronounced items, regard- 
less of the study conditions.. ..Based on this analysis, it can be predicted 

that pronunciation should facilitate recognition memory for both mixed and 
unmixed lists. This experiment tested this prediction in a forced-choice 
test situation. 

" Method . Each subject studied a list of 100 words, of which 50 were 
underlined aad 50 were not. Recognition memory was tested by a two- 
alternative forced-choice procedure. Four independent groups received 
different study instructions. One group' (Group U) pronounced each under- 
lined study word once as it was presented. The second group'(Group NU) 
pronounced only the nonunderl ined study words. Group B pronounced both under- 
lined and nonunderl ined v.^ords. Group N pronounced neither type of study word, 
that is, all. the words were studied silently. 

The materials were 200 three- to six-letter nouns taken from among 
the 1000 most frequent words in the Thorndike-Lorge count. The words 
were randomly assigned to four subsets (A, B, C, or D) of 50 v/ords each, 
and four different study lists were prepared. In List 1, subsets A and B 
were the study words with the members of subset A underlined.^ Subsets A 
and B were also the study words of List 2, but the members of subset B 
ivere underlined. Subsets C and D served as distractors for the test^trials 
of 'Lists 1 and 2. Lists 3 and 4 v/ere constructed— in- a similar manner"^ with 
subsets C and D as old words and subsets A and B as new words. "^The-^subsets 
forming a study list were scrambled so that no. more than four underlined 
words occurred in succession.- The forced-choice test lists were formed 
by randomly pairing distractor words with study words to form 100 pairs, 
eacli containing one old and one new word; these pairs were randomly ordered 
on a test sheet with 25 pairs in each of 4, columns. The assignment of lists 
to groups was counterbalanced. 

The appropriate study. list was presented to each subject via a^Stowe- 
memory drum at a 2-sec rate. The subject was simply told to try to remember 
the study words and to pronounce them according to instruction. The subjects 
in Groups B and tl were told that the: untlTsrliiving v/as for another purpose and 
could be ignored. At the conclusion of the study trial, there v/as approx- 
imately a 30-sec pause for the reading of the test instructions. The subject 
was then given a test sheet and told to respond to each item, guessing if 
uncertain. The subjects were to indicate whether the right or left member 
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of eacH pair v/as the old one. Each subject was told to work as rapidly 
as possible, but no time limit was, imposed. 

RgsuIJ-^. The overall mean time to complete the test sheet v;as 6*. 15 
min, and*^ did not differ significantly for the four instruction groups.- 
The mean numbers of. correct identijf ications are presented in Table 5 for 
each condition. It may be seen, iii the table that pronounced words tend to 
be better recognized than unpronounced words, but only in Groups U and NIJ. 

'Table 5 

Mean Numbers of Correct Responses in each Condition of Exp. XV 



— f » i Pronunciation Condition 

' Item' type . — • v-r-^-B U NU 

* Underlined 38.35 37.30 40.10 35.45 

Not-underlined 38.45 36.65 35.10 38.75 

The data v^ere analy_zed_\7ith. group and under! ihing as factors. The 
only reliable source of variance v/as the interaction of these variables, 
.£(3,76) = 10.83, £ <.001. The nature of this interaction was examined 
by follow-up comparisons using Scheffe's (1959) criterion; according to 
that criterion, the IF value corresponding to a particular follow-up test 
must be greater than 8.25 to be' significant at the \05 level . The numbers 
of correct identifications were not significantly different for underlined 
and nonunderl ined fiords in either Group B or Group N, both £s <1 ; under- 
lined words were better recognized than nonunderlined v^ords in Group U, 
f(l,76) = 23.18, whereas theVeverse was true in Group HU, F(l,76) = 10.10. 
The effect of pronunciation was not reliable in the between-group comparison 
of Group B with Group N, F <1. 

Discussion. It seems clear that pronunciation facilitated recognition 
memory, but only in' situations where the subject had pronounced some of 
^ • . ^^^^^^ words while others/ were studied silently. These results will 

be discussed after presentation of the results for Exp. XVI. 

Exp. XVI : Pronunciation Effects in Old-New Recognition Memory (Hopki ^is 
"& EdwardSy 19721 ' - 

The rationale for this .experiment was precisely the same as for Exp. 
XV.. This experiment used old-new recognition tests, rather than forced- 
choice, to extend the generality of the results of Exp. XV. 

Method. The design, materials, and procedure were identical to Exp. 
XV with the following exceptions. Recognition memory was tested by an 
old-new procedure. The old-new test lists v/ere prepared by randomly 
ordering the entire 200 v/ords in seven columns on a teist sheet. The subjects 
were to identify each old item with an "0" and each new item with an '*N." 
As in Exp. XV, twenty subjects were assigned to each of the four instruction 
groups. 
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E?JiyLLtl' The overall mean-time-', to complete the old-new test sheet 
was somewhat longer than the forced-choice test sheet of Exp, XV, with a 
mean of 8.27 min, but again the completion time was not reliably different 
for the four groups. The mean numbers of correct identifications are 
presented in Table 6 for each group, where correct recognitions are pre- 
sented separately for old and new items. ' . 

Table 6 

Mean Numbers of Correct Responses, in Each Condition of Exp. XVI | 

Pronunciation Condition 1 



Item type 


B 


N 


U 


NU 


Old-Underlined 


.34.35 


33.35 


34.80 


28.75 


Old-fJot Underlined 


32.45 


33.70 


28.50 


34.35 


New 


76.40 


72.70 


73.00 


69.00 



Any difference among the groups in correct recognition of new items ' 
could be mediated. by differential response biases; hence, it is important, 
that such differences be small. The observed differences are small, and 
the effect of Instruction group on new items was not significant, T <1. 
For the bid items, only the interaction between grouns and underlining was 
significant, F(3,76) - 10.09, '2. <-001. Using Scheffe*s criterion, as 
outlined for Exp, XV, the effect of underlining was not significant for 
either Group* B, _F(1,75) = 1.49, or Group N, £ <1. However, underlined 
items were better recognized than nonunderlined items in Group U, F(l,76) = 
16.34, and underlining resulted in poorer performance in Group NIJ, ]F(1 ,76) - 
12.91. As in Exp. XV, the efjfect. pronunciation did not show up In the 
comparison of Group B with Group N, £ <1. 

Discussion . The results of Exps. XV and, XVI are remarkably similar. 
Pronunciation has no effect on recognition memory when independent groups 
are used in the comparison (Group B versus Group N). However, pronounced 
v/ords are better recogni_zed.^than unpronounced words when a mixed list is 
used, that is, in Groups U and NU. The Tatter result is apparently due to 
pronunciation rather than underlining, per se, since under,! ining was not a 
variable *in either Group B or Group N in either experimentr'^ These conclusions 
are identical to those of Hopkins, Boylan, and Lincoln (1972) reqarclfng €lie" 
effects^of. pronunciation on frequency judgments, but the- failure to find a 
pronunciation effect in the unmixed lists is contradictory to the prediction 
made in the introduction to Exp. XV. These results suggest that the effects 
of pronunciation are relative in the sense that the subject must experience 
the contrast be-tween pronounced and unpronounced jtems . Furthermore, at 
least in the case of recognition memory, the fact that both pronounced and 

unpronounced words occur on test trials is not sufficient to produce the 

pronunciation effect; the study list must be mixed with respect to pronuncia- 
tion. For this reason, it is tempting to conclude that the pronunciation 
effects are study-trial or encoding qffects. On the other hand, Underv/ood 
and Freund (1970) found that increasing the frequency of old items in a 
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forced-choice~test, by repeating those items as distractors, reduced. ^recogni- 
tion accuracy. Thus, at least some of the'effects of frequency, per se, 
occur on test trials and, consequently, pronunciation and frequency effects 
may be somewhat different. The present evidence on this matter is, of course. 
Indirect, but "the conclusion, is similar to that reached by Hopkins, Boylan, 
and Lincoln (1972) on the basis of different evidence. ^ ^ 

Another aspect of these results which* requi res comment is that there 
is 1 ittle, if any, absolute improvement in performance due to pronunciation. 
Rather, it seems that not pronouncing some items reduces their subsequent 
recognizability. This is parti cularly apparent in the results from Exp. XVI. 
For example, in that experiment performance on underlined words in Group U 
was not significantly better than the pooled mean from Groups B and N, 
£(1,76) = 1.18, but performance on nonunderl ined v/ords of Group U was 
significantly lower than the pooled mean for Groups B and N, £(1,7G) = 
16.22. Similarly, in comparing the performance in Group NU with Groups B 
and N, pronunciation did not improve recognition, IF <1 , but silent study 
lov'/erod recognition performance, £(1,76) = 14.63. The results of Exp.- XV 
suggest a similar conclusion, but are not so striking in this regard. Thus, 
the effect of pronunciation appears to lie in. a decrement in performance 
for unpronounced v/ords rather than an increment for recognition memory of 
pronounced words. 

••I ■■ 

It appears, then, that pronunciation of a verbal unit can improve 
subsequent recognition of that unit, in agreement with, the frequency theory. 
The improvement in recognit'fon memory is, however, relative in tv/o ways. 
First, the subject must pronounce some items and not others in order for 
the effect to be observed; manipulation of pronunciation responses for 
independent groups has no effect on recognition performance. This, in turn, 
implies that pronunciation effects are encoding effects rather than being 
due to processes occurring at the time of test. The second v/ay in which 
pronunciation effects are relative is that the difference in recognition 
of pronounced and unpronounced words seems to be due at least as much to 
decreased recognizability of unpronounced words as it is to increased 
recognizability of pronounced words. The two types of "relati vi ty^^ are prob- 
ably .no't independent, and may well be due to the same underlying mechanisms. 
They are, howeverj not immediately predictable from the frequency theory in 
its present form. 
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Chapter 3: CONCLUSIONS AND RECOMMENDATIONS 

The first subsection of experiments in this report (Exps. I through 
VII) are most significant for purposes of this project, as well as for 
theories of mpnory. Those experiments strongly support the hypothesis 
that A and V materials are represented differently in the short-term store, 
that is, encoded differently. This is not to say that an auditory and/or 
articulatory code does not play a major role in verbal short-term memory, 
or even -that the codd for V items is visual or imaginal in nature. It is 
simply suggested that not all verbal items are stored as though they had been 
presented in the A mode, and that theories of memory will need to take account 
of this fact. A particularly important variable in the encoding of A and V 
materials is the mode of presentation of the rehearsal -prevention activity. 
In fact the asymmetry in the recovery-from interference following a shift 
in presentation m odality can be completely reversed by manipulating the 
distractor modality. This result suggests that the type of encoding used 
by the subject is task dependent, and probably under the subject's control. 
The latter suggestion is in need of further investigation, and one avenue of 
potentially fruitful research would be to direct more attention to the 
subject^s control processes and to individual differences in those processes. 

The experiments of the second subsection , (Exps. VIII through XII) v^ere 
designed to learn more about the PI effects that are being used to study 
encoding processes. It seems clear from those experime'^nts that the PI 
which develops over successive short-term retention tests probably reflects 
both short-term and long-term processes, and is due in large part to 
retrieval difficulties. As discussed in detail in the results section of 
this report, these findings regarding PI do not alter the main conclusion 
concerning differential encoding of A and V materials. They doj however, 
suggest that PI i^ a- rather complicated phenomenon. 

Since PI effects are Complex in themselves and provide rather indirect 
information about the encoding process, it seems important to try other 
types of situations fgr_tjie study of encoding. This was the purpose of 
the experiments 'described in the third subsection (Exps. XIII thv^ough— XVI) . 
. One procedure v/hich seems extremely well -suited for the study of attributes 
of memory is that of Exp. XIII, the attribute-identification situation. 

One very important aspect of modal ity-specific encoding has not 
received a great deal of attention in this report. That aspect is the 
function of this type of encoding. Given that modality-specific encoding 
can and does occur in some situations, of v/hat use is it? Does it facilitate 
—memory search? Does it facilitate retrieval and output decisions? These 
questions will need answering before the fact of modality-specific encoding 
can be usedin applied situations. 
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